SPECIAL ISSUE ON ELASTOHYDRODYNAMIC LUBRICATION
Elastohydrodynamics may be defined as the study of lubrication processes where local elastic distortions produced by the lubrication pressures significantly alter the geometry of the contacting surfaces. Originally coined by Dowson and Higginson to characterise the lubrication of heavily loaded, non-conformal contacts such as gears and rolling contact bearings the term rapidly became applied to a much wider range of situations and now encompasses components such as big end bearings, slippers in hydraulic pumps and motors, elastomeric and mechanical seals and biological joints, both natural and their artificial replacements.
The requirement that the distortions should be local is to exclude situations where macro distortions affect the lubrication behaviour, for example where the overall bending of a shaft affects the lubrication of a journal bearing or where an injudiciously drilled supply line in high pressure hydraulics causes unwanted surface distortions. This type of situation does not, generally, involve the interaction between pressures and distortions and is best dealt with by other means.
Much of the early work on elastohydrodynamics was carried out at Leeds University by Professor Dowson, who was for many years the editor of the Journal of Mechanical Engineering Science, and it seemed appropriate on his stepping down as editor to produce a special edition that considered the present state of this subject.
In spite of the broadening of the topic, the majority of current work is still concerned with non-conformal contacts and this is reflected in the papers in this special edition. The first paper reflects the historic interest in determining the film thickness in smooth contacts under isothermal conditions since this is a starting point for understanding the effects of surface roughness and thermal effects. However, very few components operate under steady conditions and dynamic changes in load and speed can dramatically affect the contact's behaviour and the second paper provides one example of this.
More recently the influences of temperature effects inside the contact and of surface roughness have been recognised as being of critical importance when considering the life of components and three papers examine thermal effects. The first of these is concerned with the behaviour of the fluid at the very high pressures, temperatures and shear rates found in metallic non-conformal contacts while the other two examine the effect of temperature inside actual contacts. The last two papers in this section are concerned with the effect of surface roughness which modifies the pressures and clearances inside the conjunction and hence the stresses and component life. The first of these papers is concerned with the calculation of the pressures and stresses while the second considers the effect of roughness on life.
Finally, the last three contributions reflect the broadening of the subject from nonconformal contacts to more general components. The behaviour of biological joints and the design of their artificial replacements has become one of the major areas of elastohydrodynamic research. However, because of the lower contact pressures involved, the problems differ considerably from the conventional 'hard' mechanical systems previously considered.
The increase of the lubricant's viscosity with pressure is less significant and the dominant effects are the distortions of the surfaces. The geometry is also more conformal and the motion and loading non-uniform.
Elastomeric seals are critical in many machines and their performance, or lack of it, can often determine the success or failure of the system. Reciprocating and rotary seals operate very differently but both often have no obvious mechanism of lubrication. The behaviour of rotary lip seals is considered in the next paper and the importance of local distortions on the sealing process considered. Finally, elastic distortions are often significant in a wide range of other, more conventional, bearings. This is the case in big end bearings where a lack of space, a need for low mass and high loads combine. The area has been heavily examined over the years and the final paper presents a brief review of that work.
Taken together, the papers show the current breadth of the topic and the wide geographical spread of the research with contributions from Japan, the Netherlands, France, the USA as well as from the UK. They also show the multi-disciplinary nature of the subject where engineering, physics, chemistry and material science overlap.
For the future, the present trend away from a basic understanding to predictions of life and to practical design is likely to accelerate and it is to be hoped that the UK, which pioneered the subject, will also make significant contributions to these new developments.
